INTERNAL ANTENNA OF MOBILE COMMUNICATION TERMINAL 



BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The present invention relates to an antenna for a mobile 
communication terminal, and more particularly to an antenna 
installed in a mobile communication terminal for processing 
transmitted/ received signails. 

10 

Description of the Related Art 

Recently, mobile communication terminals have been 
developed so as to satisfy a miniaturization and light-weight 
trend and provide various services. In order to meet these 
15 requirements, internal circuits and components employed in the 

o 

mobile communication terminal have been developed to have 
multiple functions and be miniaturized. Such a tendency is also 
applied to an antenna, which is one of the essential components 
of the mobile communication terminal. 

20 A helical antenna and a planar inverted F-type antenna 

(hereinafter, referred to as ^^PIFA") are generally used in 
mobile communication terminals. The helical antenna is an 
external antenna fixed to the upper end of the terminal, and is 
used together with a monopole antenna. When an antenna assembly 

25 including the helical antenna and the monopole antenna is 
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extended from a main body of the terminal^ the antenna assembly 
serves as the monopole antenna, and when the antenna assembly 
is retracted into the main body of the . terminal, the antenna 
assembly serves as a A/4 helical antenna. 
5 Such a combined structure of the helical antenna and the 

monopole antenna has an advantage such as a high gain. However, 
this combined structure of the helical antenna and the monopole 
antenna has a high SAR characteristic due to its non- 
directivity. Herein, the SAR characteristic is an index of the 

10 harmfulness of an electromagnetic wave to the human body. Since 

the helical antenna is protruded from the mobile communication 
terminal, it is difficult to aesthetically and portably design 
the appearance of the helical antenna. EXirther, the monopole 
antenna requires a sufficient storage space within the 

15 terminal. Therefore, the combined structure of the helical 
antenna and the monopole antenna limits the miniaturization of 
a mobile communication terminal product using this structure. 

In order to solve the above problems, there has been 
proposed a PIFA having a low profile structure. Fig. 1 

20 illustrates a structure of a conventional PIFA. The PIFA 

comprises a radiation unit 2, a short-circuit pin 4, a coaxial 
cable 5, and a ground plate 9. Power is fed to the radiation 
unit 2 through the coaxial cable 5, and the radiation unit 2 
is short-circuited to the ground plate 9 through the short- 

25 circuit pin 4, thereby achieving impedance matching. The PIFA 
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must be designed in consideration of the length (L) of the 
radiation unit 2 and the height (H) of the antenna based on 
the width (Wp) of the short-circuit pin 4 and the width (W) of 
the radiation unit 2 . 
5 In this PI FA, among beams generated by the induced 

current to the radiation unit 2, beams directed toward a 
ground plane are re-induced, thereby reducing the beams 
directed toward the human body and improving the SAR 
characteristic. Further, the beams induced toward the 

10 radiation unit 2 are increased. This PI FA functions as a 

square-shaped micro-strip antenna with the length of the 
radiation unit 2 reduced to half, achieving a low profile 
structure. Further the PIFA is an internal antenna installed 
in the mobile communication terminal, thereby being 

15 aesthetically designed and protected from external impact. 

In order to satisfy the trend of multi-functionality, 
the PIFA has been variously modified. Particularly, a dual 
band chip antenna, which is operable at different frequency 
bands, has been developed. 

20 Fig. 2a is a schematic view of a conventional internal 

F-type dual band antenna. 

With reference to Fig. 2a, the conventional F-type dual 
band chip antenna 10 comprises a radiation unit 20, a power 
feed pin 25, and a ground pin 26. The radiation unit 20 of 

25 the conventional F-type dual band chip antenna includes a 
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high-band radiation unit 21 for processing a signal at a high 
band, which is located at the central area, and low-band 
radiation units 22, 23 and 24 for processing a signal at a low 
band, which are spaced from the high-band radiation unit 21 by 
5 a designated distance along the outer side of the high-band 

radiation unit 21. That is, the low-band radiation units 22, 
23 and 24 are connected to the high-band radiation unit 21 in 
parallel. The power feed pin 25 and the ground pin 26 are 
connected to one end of the radiation unit 20. 

10 Fig. 2b is a schematic view illustrating a current path 

in the conventional internal F-type dual band antenna. 

As shown in Fig. 2b, currents 27 and 28 are respectively 
introduced into the high-band radiation unit 21 and the low- 
band radiation units 22, 23 and 24 through the power feed pin 

15 25. The high-band radiation unit 21 radiates a radio wave of 

a high frequency signal by means of the current 27 introduced 
into the high-band radiation unit 21. Further, the low-band 
radiation units 22, 23 and 24 radiate radio waves of low 
frequency signals by means of the current 28 introduced into 

20 the low-band radiation units 22, 23 and 24. 

The above conventional internal F-type dual band antenna 
is generally employed in a bar-type terminal having a large 
space for the antenna. However, the conventional F-type 
antenna has a large size, thus requiring a comparatively large 

25 storage space in the terminal. Further, in case that the 
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conventional F-type antenna is manufactured in a small size, a 
usable frequency band of the antenna is narrowed and the 
antenna is negatively influenced by external stresses, i.e., 
the deterioration of the gain of the antenna. Particularly, 
5 in case that the above internal F-type dual band antenna is 

employed in a folder type terminal having a small size, the 
antenna is easily influenced by the human body, i.e., a 
position of a user' s hand gripping the terminal . In this 
case, mute is generated during terminal communication, thereby 
10 preventing conversation via the terminal. 

SUMMARY OF THE INVENTION 

Therefore, the present invention has been made in view 
15 of the above problems, and it is an object of the present 
invention to provide an internal multi-band antenna for 
reducing distortion and deterioration in antenna 
characteristics due to influence of a user's body. 

It is another object of the present invention to provide 
20 an internal multi-band antenna, which reduces the influence of 

a user' s body and a position of a folder in a folder type 
mobile communication terminal, thereby being remarkably 
improved in terms of communicating perf oimance . 

It is yet another object of the present invention to 
25 provide a small-sized internal multi-band antenna, which 



5 



reduces a size of a mobile coiranunication terminal and improves 
an aesthetic appearance of the mobile communication terminal. 

In accordance with the present invention, the above and 
other objects can be accomplished by the provision of an 
5 internal antenna for a mobile communication terminal 

comprising: a power feed unit for feeding power to the 
antenna; a ground unit for grounding the antenna; and a first 
radiation unit formed in a band shape having a designated 
width, including one end connected to the power feed unit and 

10 the other end connected to the ground unit, arranged along an 

edge of an upper surface of a dielectric support unit for 
supporting the antenna so as to form a loop-shaped current 
path, and serving to achieve radiation at a designated low 
frequency band using a current introduced through the power 

15 feed unit. 

Preferably, the power feed unit or the ground unit may 
be arranged at an end of one surface of the dielectric support 
unit for supporting the antenna. 

Preferably, the internal antenna may further comprise a 

20 second radiation unit formed in a band shape having a 

designated width, connected to an inner side of the left 
radiation unit of the first radiation unit, arranged on an 
upper surface of the dielectric support unit for supporting 
the antenna, and serving to achieve radiation at a designated 

25 high frequency band using current introduced through the power 



6 



feed unit- 

Further, preferably^ the internal antenna may further 
comprise a third radiation unit formed in a band shape having 
a designated width, connected to an outer side of the left 
5 radiation unit of the first radiation unit, arranged on a left 

side or lower surface of the dielectric support unit for 
supporting the antenna, and serving to achieve radiation at a 
designated high frequency band using current introduced 
through the power feed unit. 

10 Moreover, preferably, the internal antenna may further 

comprise a frequency adjustment unit formed in a band shape 
having a designated width, connected to an outer side of the 
first radiation unit in parallel, and serving to adjust a 
frequency to be processed by the antenna so as to control 

15 impedance matching. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and other 
20 advantages of the present invention will be more clearly 

understood from the following detailed description taken in 
conjunction with the accompanying drawings, in which: 

Fig. 1 is a schematic view of a conventional planar 
inverted F-type antenna (PIFA) ; 
25 Fig. 2a is a schematic view of a conventional internal 
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dual band antenna; 

Fig, 2b is a schematic view illustrating a current path 

in the conventional internal dual band antennae- 
Fig. 3 is a perspective vi^w of an internal antenna in 

accordance with a first embodiment of the present inventions- 
Fig. 4 is a graph illustrating a voltage standing wave 

ration (VSWR) of the internal antenna in accordance with the 

first embodiment of the present inventions- 
Fig. 5 is a perspective view of an internal antenna in 

accordance with a second embodiment of the present invention; 

Fig. 6 is a graph illustrating a voltage standing wave 

ration (VSWR) of the internal antenna in accordance with the 

second embodiment of the present invention; 

Fig. 7 is a perspective view of an internal antenna in 

accordance with a third embodiment of the present invention; 

Fig. 8 is a perspective view of an internal antenna in 

accordance with a fourth embodiment of the present invention; 

Fig. 9 is a perspective view of an internal antenna in 

accordance with a fifth embodiment of the present invention; 

Fig. 10 is a perspective view of an internal antenna in 

accordance with a sixth embodiment of the present invention; 

Fig. 11 is a graph illustrating a voltage standing wave 

ration (VSWR) of the internal antenna in accordance with the 

sixth embodiment of the present invention; 

Fig. 12 is a perspective view of an internal antenna in 
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accordance with a seventh embodiment of the present inventions- 
Fig. 13 is a graph illustrating a voltage standing wave 
ration (VSWR) of the internal antenna in accordance with the 
seventh embodiment of the present invention; 
5 Fig. 14 is a perspective view of an internal antenna in 

accordance with an eighth embodiment of the present invention; 
and 

Fig. 15 is a perspective view illustrating a current 
path in the internal antenna in accordance with the eighth 
10 embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Now, preferred embodiments of the present invention will 
15 be described in detail with reference to the annexed drawings. 

In the drawings, the same or similar elements are denoted by 
the same reference numerals even though they are depicted in 
different drawings. In the following description of the present 
invention, a detailed description of known functions and 
20 configurations incorporated herein will be omitted when it may 

make the subject matter of the present invention rather 
unclear . 

Fig. 3 is a perspective view of an internal antenna 300 
in accordance with a first embodiment of the present 
25 invention. 
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With reference to Fig. 3, the internal antenna 300 in 
accordance with the first embodiment of the present invention 
comprises a power feed unit 310, a ground unit 320, and a 
first radiation unit 330. The antenna 300 is supported by a 
5 support unit 390, which is made of a dielectric material and 

has an approximately hexahedral shape. 

The power feed unit 310 serves to supply power to the 
internal antenna 300. The ground unit 320 serves to ground 
the internal antenna 300. One end of the first radiation unit 

10 330 is connected to the power feed unit 310 and the other end 

of the first radiation unit 330 is connected to the ground 
unit 320, so that the first radiation unit 330 has a loop- 
shaped structure. The above-described power feed unit 310, 
first radiation unit 330 and ground unit 320 form an 

15 electrical circuit. As shown in Fig. 3, a current path 
obtained by the first radiation unit 330 has a long loop 
shape, and serves to perform radiation at a low frequency 
band. Here, the power feed unit 310 is located close to one 
edge of the front surface of the dielectric support unit 390, 

20 and preferably on one end of the front surface of the 

dielectric support unit 390. The ground unit 320 is located 
on the front surface of the dielectric support unit 390 so 
that the ground unit 320 is separated from the power feed unit 
310 by a designated distance, thereby allowing the antenna 300 

25 to be grounded. The first radiation unit 330 is formed in a 
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band shape having a designated width, and arranged along the 
edge of the upper surface of the support unit 390. One end of 
the first radiation unit 330 is connected to the power feed 
unit 310, and the other end of the first radiation unit 330 is 
5 connected to the ground unit 320. The first radiation unit 

330 is divided into a left radiation unit 331, an upper 
radiation unit 332, a right radiation unit 333 and a lower 
radiation unit 334 according to their positions arranged on 
the support unit 390. Those skilled in the art will 
10 appreciate that the width of the first radiation unit 330 may 

be slightly changed along the loop-shaped path. Further, 
those skilled in the art will appreciate that the positions of 
the power feed unit 310 and the ground unit 320 may be 
slightly changed. 

15 Fig. 4 is a graph illustrating a voltage standing wave 

ratio (VSWR) of the internal antenna 300 in accordance with 
the first embodiment of the present invention. 

In the graph of Fig. 4, a horizontal axis represents 
frequency, and a vertical axis represents a VSWR. With 

20 reference to Fig. 4, the first radiation unit 330 of the 

internal antenna 300 in accordance with the first embodiment 
of the present invention is resonated at a low frequency band 
(900 MHz) shown by reference numeral 100, thereby exhibiting 
low frequency band characteristics. Further, the first 

25 radiation unit 330 of the internal antenna 300 in accordance 
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with the first embodiment of the present invention is also 
resonated at a high frequency band shown by reference numeral 
110 due to frequency multiplying. However, the bandwidth of 
the above high frequency is narrow. As described above, it is 
possible to manufacture an internal antenna exhibiting low 
frequency band characteristics in accordance with the first 
embodiment of the present invention. 

Fig. 5 is a perspective view of an internal antenna 300 
in accordance with a second embodiment of the present 
invention. 

With reference to Fig, 5, the internal antenna 300 in 
accordance with the second embodiment of the present invention 
further comprises a second radiation unit 340 serving to 
perform radiation at a high frequency band for processing 
multi-band signals. The second radiation unit 340 is 
connected to the first radiation unit 330 in a parallel 
structure on the upper surface of the dielectric support unit 
390, and located within the loop-structured first radiation 
unit 330. Here, the parallel structure means that the second 
radiation unit 340 is not longitudinally extended from the 
loop of the first radiation unit 330 but is branched from the 
side surface of the first radiation unit 330. Preferably, the 
second radiation unit 340 is formed in a straight band having 
a designated width, connected to the inner side of the left 
radiation unit 331 of the first radiation unit 330, and 
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arranged on the upper surface of the support unit 390. 

Fig, 6 is a graph illustrating a voltage standing wave 
ratio (VSWR) of the internal antenna 300 in accordance with 
the second embodiment of the present invention. 

.With reference to Fig. 6, in the internal antenna 300 in 
accordance with the second embodiment of the present 
invention, the first radiation unit 330 is resonated at a low 
frequency band (900 MHz) shown by the reference numeral 100, 
and the second radiation unit 340 is resonated at a first high 
frequency band shown by reference numeral 120, thereby 
allowing the antenna 300 to exhibit characteristics of a high 
frequency band having a wide bandwidth. Further, the antenna 
300 is also resonated at a second high frequency band, which 
is higher than the first high frequency band, shown by 
reference numeral 130. Accordingly, the internal antenna 300 
in accordance with the second embodiment can process three 
frequency bands. 

The internal antenna 300 in accordance with the second 
embodiment of the present invention may be variably modified 
as shown in Figs . 7 and 8 . 

Fig. 7 is a perspective view of an internal antenna 300 
in accordance with a third embodiment of the present 
invention. 

With reference to Fig. 7, the internal antenna 300 in 
accordance with the third embodiment of the present invention 
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comprises the first radiation unit 330 including the left 
radiation unit 331, the upper radiation unit 332, the right 
radiation unit 333, and the lower radiation unit 334. The 
left radiation unit 331 and the right radiation unit 333 of 
5 the first radiation unit 330 are extended such that their 

extended portions are arranged on the rear surface of the 
support unit 390. Further, the upper radiation unit 332 of 
the first radiation unit 330 is located on the rear surface of 
the support unit 390. 
10 Fig. 8 is a perspective view of an internal antenna 300 

in accordance with a fourth embodiment of the present 
invention. 

With reference to Fig. 8, the internal antenna 300 in 
accordance with the fourth embodiment of the present invention 

15 comprises the first radiation unit 330 including the left 
radiation unit 331, the upper radiation unit 332, the right 
radiation unit 333, and the lower radiation unit 334. The 
left radiation unit 331 and the right radiation unit 333 of 
the first radiation unit 330 are extended such that their 

20 extended portions are arranged on the rear and lower surfaces 

of the support unit 390, and the upper radiation unit 332 of 
the first radiation unit 330 is located on the lower surface 
of the support unit 390. Further, the second radiation unit 
340 is located on the upper or rear surface of the support 

25 unit 390. 
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Fig. 9 is a perspective view of an internal antenna 300 
in accordance with a fifth embodiment of the present 
invention. 

With reference to Fig. 9^ the internal antenna 300 in 
accordance with the fifth embodiment of the present invention 
comprises the first radiation unit 330 including the left 
radiation unit 331, the upper radiation unit 332, the right 
radiation unit 333, and the lower radiation unit 334. The 
upper radiation unit 332 and the lower radiation unit 334 of 
the first radiation unit 330 are extended such that their 
extended portions are arranged on the right and lower surfaces 
of the support unit 390, and the right radiation unit 333 of 
the first radiation unit 330 is located on the lower surface 
of the support unit 390. Further, the second radiation unit 
340 is located on the upper surface of the support unit 390, 
or extended to the right side surface of the support unit 390- 

Fig. 10 is a perspective view of an internal antenna 300 
in accordance with a sixth embodiment of the present 
invention. 

With reference to Fig. 10, the internal antenna 300 in 
accordance with the sixth embodiment of the present invention 
comprises a third radiation unit 350 serving to perform 
radiation at a high frequency band, which is connected to the 
outer side of the loop structure of the first radiation unit 
330. More specifically, the third radiation unit 350 is 
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formed in a band shape having a designated width and connected 
to the first radiation unit 330 in parallel. That is, the 
third radiation unit 350 is connected to the outer side of the 
left radiation unit 331 of the first radiation unit 330, and 
5 then extended along the left side surface and the lower 

surface of the support unit 390. 

Fig. 11 is a graph illustrating a voltage standing wave 
ration (VSWR) of the internal antenna 300 in accordance with 
the sixth embodiment of the present invention. 

10 With reference to Fig. 11, in the internal antenna 300 

in accordance with the sixth embodiment of the present 
invention, the first radiation unit 330 is resonated at a low 
frequency band (900 MHz) shown by the reference numeral 100, 
and the third radiation unit 350 is resonated at two high 

15 frequency bands shown by reference numerals 140 and 150, 

thereby allowing the internal antenna 300 to exhibit high 
frequency band characteristics. Accordingly, the internal 
antenna 300 in accordance with the sixth embodiment of the 
present invention exhibits a multi-band property. 

20 Fig. 12 is a perspective view of an internal antenna 300 

in accordance with a seventh embodiment of the present 
invention. 

With reference to Fig. 12, the internal antenna 300 in 
accordance with the seventh embodiment of the present 
25 invention comprises the above-described first, second and 
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third radiation units 330^ 340 and 350. Here, the first 
radiation unit 330 is arranged along the edge of the upper 
surface of the support unit 390. The second radiation unit 
340 is connected to the inner side of the left radiation unit 
331 and arranged on the upper surface of the support unit 390. 
Further, the third radiation unit 350 is connected to the 
outer side of the left radiation unit 331 and arranged along 
the left side and lower surfaces of the support unit 390. 

Fig. 13 is a graph illustrating a voltage standing wave 
ration (VSWR) of the internal antenna 300 in accordance with 
the seventh embodiment of the present invention. 

With reference to Fig. 13, in the internal antenna 300 
in accordance with the seventh embodiment of the present 
invention, the first radiation unit 330 is resonated at a low 
frequency band (900 MHz) shown by the reference numeral 100, 
and the second and third radiation units 340 and 350 are 
resonated at two high frequency bands shown by reference 
numerals 160 and 170. As shown in Fig. 13, the high frequency 
band 160 is considerably wide. The internal antenna 300 in 
accordance with the seventh embodiment comprises the second 
and third radiation units 340 and 350, thereby being improved 
in terms of high frequency band characteristics. 

Fig. 14 is a perspective view of an internal antenna 300 
in accordance with an eighth embodiment of the present 
invention. 
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With reference to Fig, 14, the internal antenna 300 in 
accordance with the eighth embodiment of the present invention 
further comprises a frequency adjustment unit 360. The 
frequency adjustment unit 360 is formed in a band shape having 
5 a designated width. The frequency adjustment unit 360 is 

connected to the outer side of the lower radiation unit 334 of 
the first radiation unit 330, and arranged along the front or 
lower surface of the support unit 390. Preferably, the 
frequency adjustment unit 360 is bent at a designated position 

10 of the lower surface of the support unit 390 toward the right 

side. The frequency adjustment unit 360 is connected to the 
first radiation unit 30 in parallel, and serves to adjust the 
frequency to be processed by the antenna 300, thereby 
controlling impedance matching . 

15 Fig. 15 is a perspective view illustrating a current 

path in the internal antenna 300 in accordance with the eighth 
embodiment of the present invention. 

As shown in Fig. 15, currents 810, 820 and 830 are 
introduced into the first, second and third radiation units 

20 330, 340 and 350 through the power feed pin 310. The first 

radiation unit 330 radiates a radio wave of a low frequency 
signal by means of the current 810 introduced into the first 
radiation unit 330. Further, the second and third radiation 
units 320 and 330 radiate radio waves of high frequency 

25 signals by means of the currents 820 and 830 introduced into 
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the second and third radiation units 340 and 350^ 
respectively. 

In accordance with the above-described embodiments of 
the present invention, it is possible to manufacture a small- 
sized antenna, which has a loop structure and comprises a 
plurality of radiation units having modified shapes for 
respectively radiating waves at different frequency bands. 
Further, it is possible to reduce the effect of the human body 
on the internal antenna (for example, distortion or 
deterioration of characteristics of the internal antenna 
generated in case that a user grips a portion of a mobile 
communication terminal where the internal antenna is 
installed, or holds this portion to his/her ear) . 

Further, the internal antenna of the present invention 
allows a mobile communication terminal employing the antenna 
to be miniaturized and aesthetically designed. Particularly, 
the internal antenna in accordance with the embodiments of the 
present invention is desirably employed in a folder type 
mobile communication terminal- Since the folder type mobile 
communication terminal has a small size, it is difficult to 
install the conventional F-type antenna requiring a large 
storage space in the folder type mobile communication 
terminal. Moreover, in case that the conventional F-type 
antenna is installed in the folder type mobile communication 
terminal, when the folder is opened from and closed into a 
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main body of the terminal, a ground structure of the 
conventional F-type antenna in the terminal is changed 
according to the variation of the position of the folder on 
the main body of the terminal, thereby frequently generating 
5 mute in conversation by the terminal. However, by installing 

the loop^type antenna in accordance with the embodiments of 
the present invention in the folder-type mobile communication 
terminal, it is possible to process signals of multiple 
frequency band at a small space and to reduce the influence of 

10 a user's body and a position of the folder of the terminal. 

In the internal antenna 300 in accordance with the 
embodiments of the present invention, the first, second and 
third radiation units 330, 340 and 350, the power feed unit 
310, the ground unit 320 and the frequency adjustment unit 360 

15 are made of an electrically conductive material by various 
methods such as sheet metal working, paste working, plating, 
etc. The dielectric support unit 390 for supporting the 
antenna 300 is made of one of various dielectric materials. 
The dielectric support unit 390 made of dielectric ceramic or 

20 polymer has various shapes including hexahedral and 

cylindrical shapes. 

As apparent from the above description, the present 
invention provides an internal antenna for a mobile 
communication terminal, which reduces distortion and 

25 deterioration in antenna characteristics due to influence of a 
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user' s body. 

Particularly, the internal antenna of the present 
invention reduces the influence of a user' s body and a 
position of a folder in a folder type mobile communication 
5 terminal, thereby being remarkably improved in terms of 

communicating performance. 

Further, the internal antenna of the present invention 
can be produced in a small-size, thereby reducing a size of a 
mobile communication terminal employing the internal antenna 
10 and improving an aesthetic appearance of the mobile 

communication terminal. 

Although the preferred embodiments of the present 
invention have been disclosed for illustrative purposes, those 
skilled in the art will appreciate that various modifications, 
15 additions and substitutions are possible, without departing 
from the scope and spirit of the invention as disclosed in the 
accompanying claims. 
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